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Abstract

Objective: We showed that an ephedrine-containing Kampo medicine does not worsen urodynamic studies in
younger and elderly persons, although ephedrine has sympathomimetic effects in pharmacology.

Method: A crossover trial on the effect of urodynamic study by Ma-Huang-Fu-Zi-Xi-Xin-Tang capsules (Mbst)
and placebo (P) capsules based on the results of urodynamic studies was performed with 13 younger volunteers (38.0
+ 6.0, range 31-47). The mean prostate gland weight of the subjects was 15.6 = 6.9g. Mbst was prepared as an exam-
ple of an ephedrine containing drug. Uroflowgraphy was performed before Mbst or P administration and 3 hours after
administration. The peak flow (Qmax), average flow (Qave), and voiding efficiency £=Qave/Qmax. After we had
checked the safety of performing this experiment with asymptomatic volunteers by performing the above experiments,
we compared the urodynamic studies before and after administration of Mbst in elderly persons.

Results: The £=Qave/Qmax after administration of Mbst or P was 0.6610.08 or 0.65+0.09, respectively. Qmax
and Qave showed no statistical differentiations respectively. Thus, no effect of the medicine was revealed for any end-
points. The statistical power of £=Qave/Qmax was 99%, compared to 45% for Qmax and 42% for Qave, which means
that e=Qave/Qmax appeared to be one of the strongest indicators for urinate disturbances.

Conclusion: Ephedrine containing Mbst was found to have little effect statistically on uroflowgraphy to have not
only in younger subjects but also in elderly subjects. In addition, voiding efficiency e=Qave/Qmax is a useful factor

in the evaluation of urethral stenosis.

Key words ephedrine, cross-over test, ANOVA, urodynamic study, £€=Qave/Qmax.

Although ephedrine as an sympathomimetic agent

Introduction

Purified ephedrine is used for bronchitis, asthma,
hypotension, or the common cold for patients with be-
nign prostate hyperplasia (BPH) ; it is difficult to antici-
pate the urinate disturbance and nocturia.” It is well
known that anti-cholinergic agents such as butylscopola-
mine may cause disturbance of normal bladder tonus.?
On the other hand, Diokno and Taub reported that
sphincter disturbance can be improved by ephedrine.”

and has no indication for patients with urinate distur-
bances, we have often seen the improvement of urinate
failure in latent BPH patients after administration of
some ephedrine-containing Chinese medicines.

In order to confirm the above observation, we first
performed a double blind matched pair urodynamic
study using a healthy volunteers study. Next, we per-
formed further studies using elderly volunteers. We
evaluated the influence of this ephedrine-containing
Chinese traditional medicine on urination.

*To whom correspondence should be addressed. e-mail : aokidr@apricot.ocn.ne.jp
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Subjects and Methods

Subjects for study

Preliminary urodynamic studies were performed
using 13 male volunteers for determination of the mini-
mum number of subjects necessary for the experiment.
The median age of the subjects was 38.0 * 6.0 years
(meanXS.D., ranging from 31 to 47 years). The mean
prostate gland weight was 15.6 & 6.9 g, as calculated
using ultrasonography. The ultrasonoscope (Aloca 640E.
Aloca Co., Ltd. Osaka, Japan) was used in order to both
measure the volumes of the prostate glands of the volun-
teers and to evaluate any organ disorders.

We could find no difference of reaction by Mbst be-
tween relatively infirm persons and relative healthy per-
sons. And we could find no persons who complained of
chills or cold feelings before and after this study.

A urodynamic study, ultrasonography, and blood
examinations (GOT, GPT, 7-GTP, BUN, creatinin,
serum electrolytes) were performed to choose healthy
persons for this study. In particular, we made sure there
was no residual urine volume or abnormal prostate mor-
phology by performing ultrasonography. All volunteers
gave written informed consent. We obtained voiding vol-
umes (VV.) of 172.5114.1 ml, voiding times (VT) of
16.9516.85 sec, peak flows (Qmax) of 15.69£8.02 ml/-
sec, average flows (Qave) as 10.42+5.58 ml/sec, and
voiding efficiencies (¢=Qave/Qmax)* as 0.665+0.05.

When the number of subjects was more than 5, we
were able to maintain an accuracy of a=0.05, 1-b=0.8,
A=0.2. However, we decided to use all 13 volunteers in
order to widen the range of voiding efficiencies
(e=Qave/Qmax) by varying the influence of the individ-
ual effects of the medicine in this study.

In the second study, we compared the urodynamic
factors before and after drug administrations in elderly
volunteers. The 6 elderly persons used in this study were
65.4 = 5.9 years old (mean=*S.D., ranging from 50 to
63 years). The mean prostate gland weight was 21.9 *
3.5 g, as calculated by ultrasonography.

We asked patients who had consulted Aoki Clinic
or Nagoya City University for treatment of bronchitis
and then had no urinary system side-effects by admini-
stration of Mbst, to take part in this study. We are grate-
ful for their participation in this study.

Medicines

Ma-Huang-Fu-Zi-Xi-Xin-Tang capsules (Mbst : Jik
P F-H=£4% capsule, produced by Kotaro-Pharmaceuti-
cals Co., Ltd., Osaka, Japan) were prepared as an exam-
ple of an ephedrine containing medicine, and placebo
capsules (P) that were indistinguishable from the true
medicine at a glance were also prepared. Two Mbst cap-
sules, as a draft, contained 10.0 mg of ephedrine with
pseudo-ephedrine as measured by HPLC. The total cap-
sule net weight was 280 mg both for the medicine and
the placebo. Two capsules of either medicine or placebo
were administrated by mouth.

Protocol

We performed 2 studies with an interval of 4 weeks
between administrations of the true medicine and pla-
cebo. Volunteers were randomly divided into 2 groups,
and the cross over design was used, i.e., one group was
administered the true medicine (Mbst) in the first study
and the other in the second study as indicated in Figure 1.

We established washing out periods before both
measurements, during which no medicine was adminis-
tered for 7-days periods, and the volunteers were in-
structed to avoid tobacco and caffeine for 24 hours
before each study. Water intake was not restricted for
volunteers after the administration of medicine, and vol-
unteers were instructed to drink non-caffeinated, non-
alcoholic drinks, or water with their food. Uroflowgraphys
were performed before medicine or placebo administra-
tion and 3 hours after administration.

In the study using elderly persons, the subjects were
instructed to avoid tobacco and caffeine for 24 hours
before the studies. Water intake was not restricted for
volunteers after administration of medicine, and volun-
teers were permitted to drink non-caffeinated, non-
alcoholic drinks, or water with their food. Then we

drug intake drug intake
L/ 3 hours y 3 hours
Group 1 P 4-week M
¥ interval f $
uroflowgram uroflowgram uroflowgram uroflowgram
drug intake drug intake
- 3 hours 3 hours =
Group 2 M 4-week P
i $ interval f
uroflowgram uroflowgram uroflowgram uroflowgram

Figure 1. Protocol of this study shows when we obtained uroflowgrams
before and after each administration. (M : Ma-Huang-Fu-Zi-Xi-Xin-
Tang capsules. P:placebo) Groupl was administrated placebos 4
weeks after M, group 2 was administrated M after placebo.
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obtained uroflowgraphys before and after administration
once for each volunteer.

All studies were conducted between 1995 to 1997,
so we thought no problem would occur with informed
consent. We were delayed in publishing this study be-
cause our conception of the studies in order to prove of
poor co-effects could hardly bring about the understand-
ing.

Uroflowgraphy

Voiding volumes, peak flows, and average flows
were determined using the uroflowmeter (UFS1005TP:
Medical Measurement Systems Co., Ltd., Holland).

In the studies, we evaluated the peak flow (Qmax),
average flow (Qave), and voiding volume (VV) and
voiding time (VT) for each subject and evaluated voiding
efficiency £=Qave/Qmax both before and 3 hours after
administration of 2 capsules. In addition, the total urine
volume for 3 hours starting immediately after admini-
stration of medicine was determined, since the peak of
blood concentration of ephedrine is reached 3 hours after
administration of Mbst,® and the time of the second
urodynamic measurement in all studies is 3 hours after
administration.

Statistical analysis

We chose the peak flow (Qmax), average flow
(Qave) and € =Qave/Qmax as primary endpoints.
Accordingly, we evaluated the total voiding volume
(VV) 3 hours after capsule administration as secondary
endpoints. Statistical analysis was performed by analysis
of variance (ANOVA) to determine the contribution 2
factor of the medicine and the order of treatments.

In the study for elderly persons, we performed sta-

tistical analysis by matched pair t-tests on each endpoint
between prior and following administration of Mbst.

Results

We analyzed the 3 factors Qmax, Qave, and
&£=Qave/Qmax from the urodynamic studies as primary
endpoints. Figure 2 shows both individuals and averaged
values of these factors.

Although there was some variability in the individ-
ual response to the medicine administration as registered
by Qmax and Qave changes (Fig.s 2a and 2b, respec-
tively), there were no marked changes in either averaged
parameter. As a matter of fact, the analysis showed that
there were no statistically significant changes in
urodynamics (Table I).

The value of Qmax after true medicine treatment
was 20.7 £ 6.1 ml/sec, and the value after placebo treat-
ments was 19.7 * 7.3 ml/sec. The value of Qave after
true medicine treatments was 13.3 £ 3.3 ml/sec and the
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Figure 2. Peak flow (Qmax,a), average flow (Qave,b), and voiding ef-
ficiency (&,c). Every figure is a comparison of values after admini-
stration of Ma-Huang-Fu-Zi-Xi-Xin-Tang capsules (M) or placebo
(P) to younger healthy volunteers . In smaller open circles, average
in large open circles and S.D. on error bars.

Table I. Statistical analysis of primary endpoints in urodynamic study after administration
of Ma-Huang-Fu-Zi-Xi-Xin-Tang capsules (M) or placebo (P).

95% confidence
-+ 1ei *
mean*S.D. statisical power, % results interval % of difference

Peak Flow (Qmax.) [ml/sec} P 197473 45 *x 16.7~26.9

¥ max.) jml/sec n.s. - L ~20.
cax How {lomax M 207+6.1

A Flow (Qave.) [ml/sec) P 124239 42 ok 13.3~28.8

verage oW ave.) |ml/s n.s. - I~LO.
& ve.) imisee M 133%33

Voiding effici (e=Qave/Qmax) P 0.65£009 99 ok 5.1~ 74

o1l erncienc =ave/Ymax n.s. - A~ d
ne y M 0.66+0.08

M : Ma-Huang-Fu-Zi-Xi-Xin-Tang capsule. P : placebo

*: results obtained by imbalanced analysis of variance by the 2 columns and 2 drugs method.

**: n.s.-not significant



206

value after placebo treatments was 12.47£3.9 ml/sec.
Neither individual nor averaged £=Qave/Qmax was

The

value of £=Qave/Qmax after Mbst treatment was 0.66

influenced by medicine administration (Fig. 2c).

+0.08, and the value after placebo treatment was 0.65
+0.09. Thus, no effect of the medicine was revealed at
any endpoint (Table I).

ANOVA of the 3 primary endpoints, (peak flow
(Qmax), average flow (Qave), voiding efficiency (&
=Qave/Qmax), revealed no statistically significant differ-
ences in the effects of the medicine, regardless of the
order of administration. It is noteworthy that the statisti-
cal power of £=Qave/Qmax was 99%, which means that
e=Qave/Qmax appeared to be one of the strongest indi-
cators for urinate disturbances. The confidence intervals
(CI) of the 3 endpoints are also provided in Table I, i.e.,

Ephedrine little influence to uroflogram

-16.7-26.9% for Qmax, -13.3-28.8% for Qave, and -5.1-
7.4% for & =Qave/Qmax.

Detailed analysis of changes in £=Qave/Qmax in
response to medicine administration is presented in
Table II.

In the study using elderly persons, peak flow
(Qmax) changed from 15.3 * 4.8 to 15.3 =8.6. (Fig. 3a),
average flow (Qave) changed from 9.4 = 25 t0 8.8
4.2 (Fig. 3b), and voiding efficiency (&) changed from
0.6 0.1 to 0.6 £ 0.1. (Fig. 3c).

No significant difference was shown between prior
and following administration of Mbst to elderly persons.

Discussion

Ephedrine is well-known to have a sympathomimetic

Table II. The analysis of variance in voiding efficiency (&) of before and after administration
of Ma-Huang-Fu-Zi-Xi-Xin-Tang capsules (M) or placebo (P).

. Sum of Degree of Mean of . 5% Critical
Source of Variance F-ratio . a
Squares Freedom Squares region
Between Subjects 0.1322 11 0.0120 5.461 2.82 0.004
Group or Sequence 0.0001 1 0.0001 0.005 3.23* 0.943
Subjects/Group 0.1321 11 0.0120 5.458 2.82 0.005
Period unadj. 0.0008
Periods adj. for Drugs. 0.0003 1 0.0003 0.133 4.84 0.722
Drugs unadj. 0.0004
Drugs adj. for priods 0.0008 1 0.0008 0.342 4.84 0.571
Residual 0.0242 11 0.0022
Total 0.1576 25
*10% Critical region.
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Figure 3. Three indexes that are peak flow (Qmax, a), average flow
(Qave, b), and voiding efficiency (¢, ¢) from the results of studies for
elderly persons (n=6). These figures shows comparison of values
changed by Pre and Post as shown in figure 2. Each value is shown
in small circles, and each average value is shown in large circles
with S§.D. on error bars.

b. Patient number 2. K.Y. Age 70. Height 170cm. Weight 80kg
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Figure 4. Two cases of urodynamic changes after unfortunate admini-
stration of Ma-Huang-Fu-Zi-Xi-Xin-Tang capsules (M) to 2 patients
with urinate disturbance because of severe benign prostate hyperplasia.
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Figure 5. The uroflograms of 2 younger volunteers whose uroflographs showed changeful figures.

effect on vascular, digestive, nervous, and respiratory
systems, through adrenergic receptors. So it may in-
crease resistance to the outflow of urine by stimulating
the a -adrenergic receptors of smooth muscle cells in the
bladder base, which is innervated by both sympathetic
and parasympathetic nerves.”

Biadder and sphincter are innervated in a compli-
cated way. The bladder base is innervated by both auto-
nomic nerves. Trigone is innervated by only the
sympathetic nerve. Neck and aphincter are innervated by
parasympathetic nerves."

Thus, ephedrine is contraindicated for patients with
difficulty in urination, for example, for those with BPH.
In addition to ephedrine, there are many other medicines
that may increase urinary disturbance, for example,
propantherine. These medicines that have sympathomi-
metic effect by blockage of cholinergic receptor may
weaken contraction of bladder smooth muscles.” Thus
we often find BPH by administration of these medicines.

We found 2 cases of urodynamic changes after ad-
ministration of Mbst (containing ephedrine) to patients
with urinate disturbance because of severe benign pros-
tate hyperplasia (Fig. 4a,b) by chance. Unfortunately,
we could not find a hyperplastic prostate with complaint
of urinate disturbance before urodynamic study, not
ischuria but prolongation of voiding time by enlargement
of voiding volumes. Both urodynamic curves revealed
higher increase in peak flows (Qmax), and in average
flows (Qave) after administration of Mbst than without
Mbst. In case 3a, Qmax with and without Mbst was
12ml/sec, but Qave with Mbst was 7.1 ml/sec then Qave
without Mbst was 6.6 ml/sec. Also in case 3b, Qmax

with Mbst is 7 ml/sec compared to Qmax without Mbst,
which was 9 ml/sec, but Qave with Mbst was 5.6 then
Qave without Mbst was 4.0.

We could not easily conclude whether urinate dis-
turbances were improved or not. Such cases made us
wonder why administration of Mbst does not worsen uri-
nation of elderly persons.

We have shown two cases that at a glance seem to
be affected badly by Mbst, but detailed analysis reveals
no change in the uroflograms of younger volunteers
(Fig.5). One case showed a lowering of peak flow after
drug administration, but proportion and £=Qave/Qmax
do not get worse (Fig 5a). In this case, a lower peak of
uroflogram occurred with a small amout of urinate vol-
ume less than 150 ml. Another case showed plateau fig-
ure in uroflogram after administration (Fig.Sb) and
seemed to worsen the proportion and urinate factors. The
change might be caused by a large amount of urination
and plateau peak meaned the limit of urinate flow due to
diameter of the urether.

In the first selection of volunteers for our study, we
were afraid increasing urinary disturbance would be the
main side effect of Mbst in administration to elderly per-
sons in Japan. So we decided to start with a study using
young volunteers of 38.0 £ 6.0 years (mean = S.D,,
ranged from 31 to 47 years). After this study, we will
prepare a study using elderly volunteers with or without
enlarged prostate glands, since we want to ensure the
safety of this medicine for all volunteers.

Patients without verified prostate hyperplasia are
prescribed ephedrine for the common cold, asthma, or
hypotension. In our study, we found that volunteers who
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had no urinary disturbances showed a large variation in
prostate size (15.6 6.9 g; N=13). Thus, we suppose that
there is a possibility that ephedrine-containing medicines
may be prescribed for patients with asymptomatic pros-
tate hyperplasia. As a consequence, it is difficult to an-
ticipate the urinary disturbance and nocturia of male
patients, when we prescribed ephedrine. On the other
hand, we have often seen the opposite phenomenon due
to the administration of some kinds of ephedrine-
containing Chinese medicines. This was discovered by
chance when elderly patients who caught colds were ad-
ministered Mbst and told us they experienced remission
in difficulty of urination even before we found prostate
hyperplasia. These patients also noticed a decrease in
nocturia. Using Mbst for bronchitis, asthma, hypotension,
allergic rhinitis, and so on, we have often seen cases in
which urinate disturbance is improved with an increase
in voiding volume during administration of Mbst.

The usual dosage of ephedrine at which it affects
atonic reaction and sphincter muscles shown by tonic re-
action is 10-20 mg in adults.” Although Mbst includes
10.0 mg ephedrine, which is a small dosage than usual,
Mbst is sufficient to lighten the clinical symptoms of res-
piratory inflammatory disease. Ma-Huang-Fu-Zi-Xi-Xin-
Tang is a decoction made from 3 crude medicines,
Ephedra sinica Stapf herb, heat-treated tuber of
Aconitium carmichaeli Debeaux and Asiasarum sieboldii
F. Maekawa root. Ma-Huang-Fu-Zi-Xi-Xin-Tang capsule
includes the dried powder from decoction. Although
heat-treated tuber of Aconitium carmichaeli Debeaux and
Asiasarum sieboldii F. Maekawa root are thought to en-
hance the effects of ephedrine on respiratory symptoms,
we did not notice any ephedrine-like action of these
components on the urinary system.

Recently, some interesting reports about endocrino-
logic effects and histological differences in the
hyperplastic prostate gland have been published.

Carter PG et al. reported the relationship between
atrial natriuretic peptide (ANP) and nocturnal polyuria in
31 elderly males.” In this report, ANP is as important as
cholinergic effects on the prostate gland. Based on this
report, although Mbst affects the prostate causing urinary
disturbance by sympathomimetic effect, we suggest that
patients with BPH get better through other endocrinologic
effects such as ANP.

Ichiyanagi O. et al. reported the relationship be-

tween patterns of urinary disturbance in benign prostatic
hyperplasia and histological ratio of fibrosis in prostate
tissue.!® They reported a weak relationship between
prostatic volume and degree of urinary disturbance.

Qmax and Qave are the most commonly reported
values in urodynamic studies. In a report by Nishimoto
et al.,” it was indicated that Qmax and Qave are closely
related. Both Qmax and Qave become lower at a voiding
volume of over 400 ml.> Thus, Qmax and Qave are re-
lated not only to the urethral stenosis but also to bladder
function. £€=Qave/Qmax was introduced by Nishimoto
et al. as a value, in contrast to Qmax and Qave to be
evaluated separately, which allows evaluation of urethral
stenosis independent from bladder functions, such as
voiding volume. However, recently, we found some re-
ports on bladder outlet obstruction,'® which is evaluated
by detrutor pressure at Qmax. However, since we were
not concerned about bladder pressure in this report, we
have recognized only the factors of Qmax and Qave in
urinary disturbance. So we used them as supplementary
factors for evaluating urinate disturbance.

In the present study, the statistical power of Qmax
and Qave was not satisfied and showed no significant
difference after medicine administration. Voiding vol-
umes decreased by an average of 20% but also showed
no significant differences. Only voiding efficiency
e=Qave/Qmax showed satisfactory statistical power as
compared with other factors and had a narrow confi-
dence range. Nishimoto reported an &=Qave/Qmax
value of 0.689 % 0.03 in the normal group, which is
comparable with our results i.e., 0.665 = 0.05 in €=
Qave/Qmax before administration.”” The power of &=
Qave/Qmax is greater than that of other factors because
the normal value of £=Qave/Qmax are put into a narrow
range. The accuracy of the statistical method was further
improved by the crossover test.

In conclusion, we found little effect on urodynamics
by Mbst, which included much ephedrine, although
ephedrine itself has the side effect of increasing urinate
disturbance in prostate hyperplasia. In addition, voiding
efficiency £=Qave/Qmax is a useful factor in evaluating
urethral stenosis.
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